Background Oroantral fistula (OAF) is considered a frequent complication in dental practice. Many surgical techniques/methods have been proposed to close it. The aim of this study was to evaluate the auto-transplantation of upper third molar for closing OAF. Materials and Methods Twenty patients participated in this study aged between 20 and 40 years old. The OAF was closed by auto-transplantation of upper third molar placed directly in the socket of the extracted tooth. Results were evaluated clinically and radiographically through the period of observation which lasted for 1 year.
Introduction
The maxillary sinus is a bony walls para-nasal cavity that forms a large space containing air in the maxilla and drains into the middle nasal meatus on the same side. It is also called Highmore's antrum (named after Dr. Nathaniel Highmore in seventeenth century who described it as an air cavity in the maxilla and called it antrum) [1] . This antrum has pyramid shape with lateral recess bounded by the zygomatic bone, medial base bounded by the nasal cavity, and superiorly it is bounded by the orbital surface of the maxilla. Size of the sinus is ranging from 10 to 20 cm 3 and can be found not more than 2 cm 3 or maybe reaches a size of 30 cm 3 . Variations are commonly encountered in relationships between the maxillary teeth and floor of the sinus. First and second premolars and upper first molar (2.2% of cases) could be found with a clear and obvious relation with the sinus floor [2] . Root apices of these teeth appear to be into the lumen of the sinus and covered with thin bone separating them from sinus lumen. In rare cases, all teeth from cuspid to the third molar may be in contact with sinus floor. In these cases, direct communication between maxillary sinus and oral cavity could result from faulty extractions or using of curette instruments especially after extraction of teeth with periapical lesions or cysts [3] . OAF is mostly seen after the third decade of life [4] [5] [6] . Patients with oroantral communication complain air and fluids leakage to the oral and nasal cavity of the affected side. Valsava's maneuver is a simple diagnostic test in which the patient is asked to blow the air from nose while the mouth and nose are closed [7, 8] . The OAF should be closed as soon as possible. This communication, if left open, will increasingly enhance the inflammatory process resulting from the transition of inflammation from the oral cavity to the sinus. When selecting the appropriate surgical technique for treating OAF, the following criteria should be taken into consideration: (1) Site and size of the fistula. (2) The relationship with the neighboring teeth. (3) Height of the alveolar ridge. (4) Presence and duration of sinus inflammation. (5) General health of the patient [9] . The present study aims to evaluate a new simple technique for closing OAF and replacing the missing tooth.
Materials and Methods
Twenty subjects were recruited from the outpatient who referred to the oral and maxillofacial department after they have been diagnosed with OAF as subsequent complication of upper first or second molar extraction. Fig. 1 ) and panoramic radiographs were obtained for each patient. The OAF area was rinsed with a solution of normal saline and penicillin. The opening area was then closed temporarily by a piece of gauze. A local anesthesia was administered in the OAF area and the area of the upper third molar. After that, the upper third molar was carefully extracted and placed in a container glass which contains the previous solution. No any complications were encountered during removal of the third molars. Complete root canal therapy was performed (Fig. 2) , and then, the third molar was placed into the new socket. This recipient socket was carefully prepared to receive the extracted third molar. In some cases, there were some modifications on the recipient socket. The interseptal bone was removed using special burs (round surgical bur no. 8), and the apex of the third molar was cut, using fissure bur, when needed (curved, malformed, and/or improperly sealed apices). The re-implanted third molar was raised 2 mm above the occlusal plane and maintained in its place by splinting wire (ligature wire 0.4 mm) alongside with suturing over the tooth (xshaped suturing over the crown) (Fig. 3) . Broad spectrum antibiotic (Augmentin) with anti-inflammatory drug (Profen) as well as mouth wash were prescribed for the patients. Follow-up system was arranged for 24 h, 1 week, 1 month, 3 months, 6 months, and 1 year. Periapical and CT scan (Toshiba Asteion, 0.5-2 Gy, 3 s, 110 kV, 70 mA) radiographs (Fig. 4) were obtained for the latter three evaluation periods.
Criteria for success were divided into three main groups:
• Radiographic criteria for success of autotransplantation:
• Normal width of periodontal space around the reimplanted tooth (third molar). • No signs of root absorption.
• Radio-opaque line at the septal bone (lamina dura).
• Clinical criteria for success of auto-transplantation:
• Normal movement of the re-implanted tooth (tested by Periotest Ò ).
• Normal sound on percussion.
• No loss of attachment (no periodontal pocket).
• No signs of inflammation.
• Normal function of the tooth.
• Patient comfort.
• Radiographic criteria for success of OAF closure:
• Changes in the maxillary sinus observed by CT scan.
• Presence or absence of vapor in the sinus during the follow-up periods.
• Continuity of the sinus floor with bone formation.
Criteria for failure of auto-transplantation:
• Root absorption.
• Root fracture.
• Loss of attachment.
• Inflammatory process.
Results
Age of participants ranged from 20 to 40 years with a mean of (30.5 ± 4.7) years. Males were almost twice than female subjects (65 and 35%, respectively). Upper first molar showed to be the cause for most of cases (75% of cases) followed by upper second molar (25% of cases). Overall evaluation of the third molar re-implantation showed that the success rate was very high with 90% of cases while the failure was found with only two cases (10% of cases) ( Table 1 ). In 95% of cases (19 cases), no hazy contents within the maxillary sinus was observed in the first time evaluation T1 (3 months after re-implantation). The number of hazy cases increased (two cases) in the second time evaluation T2 (6 months after re-implantation). However, decreasing in number of hazy cases (one case) was observed again after 1-year evaluation T3 (Table 2 ). Wilcoxon signed-ranks test with 95% confidence interval was utilized to identify the significance of differences between the periods of observations. No significant differences were observed between the recorded changes of the sinus contents in T1 and T2 observations of the third re-implantation (Table 3) . Similarly, the differences between the recorded changes of sinus contents in T2 and T3 observations were also nonsignificant ( Table 4) . The recorded value of Periotest Ò for the re-implanted third molar after 3 months was (-1.25 ± 0.57), ranged from -2.30 to -0.30. Six months later, the value increased to record (1.22 ± 1.56) ranged from -3.10 to 3.00. A mean value of (2.45 ± 2.68) was recorded after 1 year of the third molar re-implantation ranged from -5.50 to 4.30 Ties 17 ( Table 5 ). As shown in Table 6 , there were significant differences between the readings of Periotest Ò during the observation periods (P = 0.001, 95% CI).
Discussion
The mean age of the study participants was (30.5 ± 4.7) years. This age is considered the most susceptible group to be affected with OAF. According to Abuabara et al. [10] , OAF is mostly seen in the third decade followed by second decade of age. The authors related this to the fact that these age groups are often seeking for orthodontic treatment. As a part of treatment, the orthodontist may refer these patients for extraction of the third molar or any other tooth on the dental arch. Another reason might be related to the size of the sinus as the sinus reaches its largest size at this decade [11] . Other researchers recorded different age groups with OAF. Although Punwutikom et al. [6] did not find significant differences between the study age groups, they indicated that most OAF were seen in the age of 60 years or above. Yilmaz et al. [12] also indicated that OAF can be seen between 30 and 60 years. Loss of teeth and age progress may increase the occurrence of OAF.
In the current study, Males were more than female subjects. This result is in agreement with a previous study [12] in which they reported that males were twice more than females. This might be related to the fact that traumatic extraction is more common in males than in females [5, [13] [14] [15] [16] . Out of the cases, 75% resulted from extraction of upper first molars, while 25% of the cases resulted from extraction of the upper second molar. These results accord with other reports [12] [13] [14] 16] . However, Von Bondsdorff et al. [17] reported that the roots of upper second molars are more close to the sinus floor followed by the first molar, second premolar, first premolar, and then the cuspid tooth. On the other hand, Abuabara et al. [10] indicated that the most related tooth with OAF is the third molar.
Even with the advantages of this technique which include immediate closing of OAF, replacement of the missing tooth without the need for fixed or removable denture, decreasing the healing time and avoid permanent changes in the depth of the buccal vestibule, there are still some points that should be taken into consideration such as success of re-implantation-especially in case of mature teeth, acute infection at the site of closing, chronic infection, and repeated failure of OAF treatment. This technique may be also not applicable in case of large fistula. Moreover, the technique requires the third molars with appropriate size and shape. Care should be taken when extracting the third molars as another OAF might occur. In addition, success of such procedure may be questionable in edentulous patients where the resorption of the alveolar ridge is more obvious. Some practitioners prefer buccal flap for closing small OAF and palatal flap for closing the large one [18, 19] . Others [10] suggested using buccal flaps, palatal flaps, or mucoperiosteal flaps for closing OAF surgically. However, no procedure has been proven to be superior over the others. Palatal flap has more blood supply, but it is more complicated procedure. In addition, the exposed bone structures of hard palate need more time for re-epithelization (2-3 months) resulting in patient's discomfort and edema on the area. On the other hand, buccal flap is easier to perform but has less blood supply. It is also not indicated in case of large or recurrent OAF. Moreover, this type of flap may cause decreasing in the depth of the buccal vestibule. The decrease in the depth may be transient [13, 15] or permanent change in the vestibule [16, 20] . Subsequent complications appear when the removable prostheses become a part of the treatment plan [13, 15, 16, [20] [21] [22] .
Comparisons between Periotest Ò values through the interval periods were significant (P \ 0.05). These results indicate that with 95% CI there were statistically significant differences between the means of the recorded Periotest Ò values during the observation periods. Increase in these values could be recorded with increase in the observation intervals. In most cases, there was reconnection of the periodontal ligaments. This was confirmed by the Periotest Ò values and the normal physiologic movements of the re-implanted teeth. Two cases in the second time (T2) observation were seen with haziness appearance. This could be explained by the fact that the inflammation process continued a little bit longer after operation. This, in turn, explains that the number of haziness cases decreased in T3 observation period. However, the management of the failed cases was completed by removal of the transplanted teeth and administration of antibiotic alongside with anticongestion (nasal drops) drugs. A number of limitations should be noted. First, this technique was applied only on OAF resulting from extraction of the molars. Second, this technique is only applied for small-size OAF. Finally, the cases were followed for only 1 year. Therefore, long-time observation period is recommended. In addition, histopathologic study is needed to point out the nature and stages of OAF closure.
Conclusion
Within the limitations of this study, it can be concluded that the proposed procedure can provide bone deposition for sinus borders and closing of the fistula. Moreover, it replaces the missing tooth with satisfactory function. Contralateral third molars can be used for closing OAF when the third molars of the ipsilateral are not suitable of closure. The following conditions should be taken into consideration:
• Fistula with 5 mm or less.
• The OAF resulted from extraction of the first or second molars.
• Shape and size of the third molar are suitable.
• No infection, pathological lesion, or bone destruction in the maxillary sinus.
